The prevalence of antimicrobial resistance genotypic characteristics (class 1 integrons and antimicrobial resistance gene cassettes) among commensal Escherichia coli isolated from humans and swine in a semiclosed, integrated farrow-to-fork population was evaluated in a cross-sectional study. The objective of this study was to establish baseline antimicrobial resistance patterns of enteric bacteria from animals and humans within the study population; specifically, genotypic traits both unique and common to commensal E. coli derived from the different sources were evaluated. There were significant differences between host species; swine isolates were more likely to harbor integrons (odds ratio ϭ 2.33, P ϭ 0.0487). No significant differences were found for facility location, facility type, human housing cohort, or time of day (P Ͼ 0.05). There were significant differences (P ϭ 0.006) among swine production groups (fecal samples from boars, dry sows, finishers, growers, intake boars, lactating sows, the lagoon, nursery piglets, influent, and piglets); the grower group was less likely than the nursery group to harbor a class 1 integron (nursery as referent: odds ratio ϭ 0.22, P ϭ 0.04). Among all isolates with an integron present, human isolates were more likely to harbor an antimicrobial resistance gene cassette (odds ratio ϭ 6.36, P ϭ 0.003). When isolates that possessed gene cassettes coding for resistance to specific antimicrobials were compared, no significant differences between host species (P Ͼ 0.05) were observed.
Integrons are genetic units that include the determinants of the components of a site-specific recombination system capable of capturing and mobilizing genes that are contained in mobile elements called gene cassettes (7) . Integrons contain the majority of resistance genes within mobile resistance elements (transposons and plasmids), which allows for transfer of resistance and multiresistance between bacteria (8) (9) (10) 15) . Within the integron, more than 60 gene cassettes have been found that confer antimicrobial resistance (AMR) to a variety of agents (19) . The most prevalent genes within the integron are those coding for aminoglycoside and trimethoprim resistance (6, 19) . Integron-mediated AMR represents a major mechanism for transfer of resistance traits within both gram-negative and gram-positive bacteria (9, 12, 14, 16) . Integrons represent an important mechanism for transfer of resistance characteristics from commensal to pathogenic organisms and have been found to harbor multiple resistance genes at one time (11, 23) .
The prevalence of resistance in the commensal bacteria of humans and animals may reflect the selective pressure caused by antimicrobial usage and is a potential indicator of resistance in future infections (2) . Escherichia coli is frequently used as an indicator bacterium for AMR because it harbors several resistance determinants (5, 21) . The abundance of E. coli strains makes them likely candidates for the spread of resistance genes and possible vectors between the bacterial populations of animals and humans; however, the abundance of these strains also makes such spread difficult to trace (14) .
The presence of resistant bacteria in food-producing animals has led to much debate and speculation about the transmission of these bacteria from animals to humans (17) . Current research in the field of AMR has largely been unable to address this issue because of lack of an integrated and closed study population and the difficulty of establishing a cause-and-effect relationship and assessing a true risk of transmission of AMR from animals to humans. The objective of this study was to establish baseline AMR patterns in enteric bacteria from animals and humans within an integrated population; specifically, genotypic traits both unique and common to commensal E. coli derived from the different sources were evaluated. The material presented here is part of a larger study undertaken to characterize baseline phenotypic and genotypic traits within this study population (4). 
MATERIALS AND METHODS
Study population. The study population was composed of groups of humans and swine in a semiclosed vertically integrated agrifood system. The population of humans and swine were located across multiple sites in the state of Texas, and 10 of these sites housed both humans and swine. There was very limited movement of swine into the system, and no movement of live animals or pork product out of the system. Almost all herd replacements were reared within the system. The only outside seedstock purchased were purebred boars, which were held in quarantine at a centralized intake unit before being transferred to farrow-to-finish operations. Swine moved vertically within the system from farrowing units to nurseries and finally to grower-finisher barns until slaughter (Fig. 1 ). All swine raised on the farm units were slaughtered at a single facility, processed, and consumed within the system, and all processing and transportation equipment was owned by the operation. Each swine unit relied on an operation-owned feed processing facility and cooking facility for human food waste (licensed by the state), which was fed to the swine. Approximately 50,000 hogs were slaughtered each year within the study system.
Movement of humans and swine was very restricted, both entering and leaving the system. New human residents to the system came through a central intake unit before being assigned to their permanent housing location. Human populations fluctuated moderately, but approximately 1,500 residents were housed at the human intake unit, 350 employees worked at the processing plant, 3,000 residents made up a swine worker cohort, and 18,000 residents made up a nonswine worker (control) cohort across all 10 locations.
Sample collection, human. Wastewater samples were obtained by suspending a collection bucket into the center of the effluent wastewater flow channels of human housing facilities. The bucket was rinsed three times, filled, and raised, and a 100-ml aliquot was transferred into a sterile prelabeled 100-ml container. Samples from each cohort (swine workers or nonswine workers) were obtained at manhole locations representing separate housing for each cohort at 10 a.m., 12 p.m., and 2 p.m. A wastewater plant influent sample (representing mixed samples from all housing) was collected for each of the 10 sampled units by a privately licensed and contracted agency (Fig. 2) . Each facility was sampled biweekly for 12 months beginning in September 2002 and ending in September 2003. A total of seven samples were collected from each of 10 resident units containing members of the two housing cohorts during each biweekly sampling period. A total of 525 samples were collected from the human cohorts.
Sample collection, swine. Individual fecal samples were collected from the swine quarantine facility whenever outside boars were purchased. No other outside purchases of swine were made during this study. Four composite swine fecal samples were collected from each of the five farrow-finisher units along with a floor-wash sample (combined) from each of two houses and a single sample from the lagoon that drained the farm (Fig. 3) . Two composite fecal samples were collected from each of the three grower-finisher units along with a combined floor-wash sample and a lagoon sample (Fig. 3) . Swine samples and human wastewater samples were collected concurrently. A total of 432 swine fecal samples were collected.
Bacteriology. Upon arrival at the U.S. Department of Agriculture facility, both wastewater and fecal samples were frozen at Ϫ72ЊC until processing, when the samples were removed and thawed. Both swine fecal and human wastewater samples were thoroughly mixed and streaked onto CHROMagar-E. coli agar (DRG International, Mountainside, N.J.) and incubated at 37ЊC for 24 h. A single E. coli colony from each plate was selected based on morphology (smooth blue colony) and streaked on blood
produced unusual growth on BBL TSA II 5% sheep blood agar (normal growth consisted of large, round, smooth colonies). Unusual growth usually appeared as but was not limited to large mucoid colonies or large colonies with heavily ruffled dry edges.
Characterization of integrons.
Total genomic DNA templates of E. coli isolates were created by suspending a single colony of pure culture isolate from sheep blood agar in 500 l of Sigma water (Sigma-Aldrich, St. Louis, Mo.), heating at 95ЊC for 10 min to lyse the bacteria, centrifuging for 2 min to remove cell debris, and storing the supernatant liquid at Ϫ20ЊC. A PCR was used to amplify the class 1 integrase and subsequently any AMR gene cassettes that may be inserted between the integron variable regions (5Ј conserved sequence and the 3Ј conserved sequence) as previously described by Levesque et al. (10) .
PCR products were analyzed by agarose gel electrophoresis on 1.0% agarose gels stained with ethidium bromide. A 100-bp DNA ladder (Sigma-Aldrich) provided a molecular size standard for all reactions. PCR products were purified using a QIAquick PCR clean-up kit (Qiagen, Hilde, Germany) and frozen at Ϫ20ЊC. PCR products were submitted for DNA sequencing at the DNA Core Facility (Department of Veterinary Pathobiology, Texas A&M University, College Station). AMR gene cassettes were identified by sequence comparisons using the BLAST program available at the National Center for Biotechnology Information (1). BLAST search results were screened for the presence of AMR gene cassettes based on 95% of the expected fragment size (minimum 600 bp) and a match of 95% or greater of the sequence of the fragment and the corresponding gene cassette(s).
Statistical analysis. Potential genotypic resistance in E. coli, as assessed by both the presence of a gene cassette coding for resistance and a class 1 integrase, was compared by host species in a generalized linear model framework (13) . Unit number, unit type, time of day, and housing cohort by species were compared with the asymptotic likelihood methods of SPSS (Chicago, Ill.). Isolates that were positive for the presence of an integron (n ϭ 51) were further assessed for the presence of a gene cassette by host species using the chi-square test in Epi-Info 2000 (Centers for Disease Control and Prevention, Atlanta, Ga.). Isolates containing AMR gene cassettes (n ϭ 31) were then assessed for differences by host species using Fisher's exact test in Epi-Info 2000.
RESULTS
PCRs were run for 729 E. coli isolates (420 human and 372 swine) to detect the presence of class 1 integrons. Of the 420 human isolates tested, 23 were positive for the class 1 integrase. Nine (39%) of these 23 isolates were positive for AMR gene cassettes. The other 14 had DNA inserted into the integron (range, 525 to 1,000 bp) but did not match any known resistance genes in the GenBank database. Seven of nine samples (78%) were positive for the aadA gene, which encodes resistance to spectinomycin and streptomycin. Variants of the dfr gene, which encodes resistance to trimethoprim, were present in three of the nine samples (33%). The ant-3 gene, which also encodes resistance to spectinomycin and streptomycin, was found in only one isolate.
Of the 372 swine isolates tested, 36 were positive for the class 1 integrase. Five (14%) of these 36 isolates were positive for AMR gene cassettes, and all 5 contained the aadA gene for resistance to spectinomycin and streptomycin. The other 31 had DNA inserted into the integron (range, 200 to 990 bp) but did not match any known resistance genes in the GenBank database.
There were significant differences between isolates from the two host species. Swine isolates were more likely to harbor integrons (odds ratio ϭ 2.33, P ϭ 0.0487). No significant differences were found (P Ͼ 0.05) for facility location, facility type, human housing cohort, or time of day. There were significant differences (P ϭ 0.006) among swine production groups (fecal samples from boars, dry sows, finishers, growers, intake boars, lactating sows, the lagoon, nursery piglets, influent, and piglets); the grower group was less likely than the nursery group to harbor a class 1 integron (nursery as referent: odds ratio ϭ 0.22, P ϭ 0.04). Among all isolates with an integron present, human isolates were at higher risk for the presence of an AMR gene cassette (odds ratio ϭ 6.36, P ϭ 0.003). Comparing the isolates bearing gene cassettes coding for specific resistance to antimicrobials, there were no significant differences between host species (P Ͼ 0.05), although the samples sizes were too small to allow definitive conclusions.
DISCUSSION
In our study, human E. coli isolates were more likely to have an integron encoded AMR gene cassette than were swine isolates, even though swine isolates were more likely to have a class 1 integron than were human isolates. Overall, a low prevalence of class 1 integrons and AMR gene cassettes was observed in both human and swine isolates. This finding is in contrast to results obtained by Winokur et al. (20) and Leverstein- van Hall et al. (9) , who found that a substantial portion of AMR genes in gram-negative bacteria were located within the class 1 integron. White et al. (18) examined clinical E. coli O111 isolates collected over a 24-year period to determine the prevalence of AMR in humans, swine, cattle, and poultry. Swine isolates had higher resistance to one or more antimicrobials than did human isolates but also had a lower prevalence of class 1 integrons. In contrast, in the present study isolates from swine more commonly harbored a class 1 integron but human isolates were more likely to have an AMR gene cassette if they also were positive for a class 1 integron. White et al. (18) also found a high prevalence of aadA genes (87%) within the class 1 integron. This finding is similar to ours; we found within-integron prevalences of 78% among human isolates and 100% among swine isolates. Zhao et al. (22) studied the prevalence of Salmonella enterica serotype Newport in isolates from humans, dairy cattle, poultry, and swine. As in our study, those authors found that 100% of swine isolates that had an integron present contained aadA gene cassettes, which further supports the theory of widespread distribution of these genes as a result of transposition of integrons to broad host-range transposons (22) . In that study, the authors also found a high prevalence of class 1 integrons (68%) but did not indicate how the affected isolates were apportioned among species. In contrast, we did not find a high prevalence of class 1 in-tegrons (Ͻ15%) or AMR gene cassettes in human or swine isolates. The fact that our samples were environmental rather than clinical as in previous studies (9, 19, 20, 22) may account for the reduced prevalence of class 1 integrons observed in our study. However, the prevalence of class 1 integrons may have been underestimated in the present study because of our use of genomic DNA templates taken from only those isolates that we could culture. We selected one E. coli colony per plate to allow for a wider characterization of samples within our study population rather than evaluating multiple isolates from fewer samples. Berge et al. (3) utilized E. coli isolates from dairy calves and sampled five colonies per plate, with an observed range of one to four AMR phenotypes (mean, 1.8). Roe et al. (15) reported a significantly higher prevalence of class 1 integrons in community DNA, in contrast to the results of previous studies that utilized a methodology similar to ours. By focusing on the class 1 integron sequence, we were unable to detect resistance characteristics that may have been located on transposons or plasmids that did not contain an integron. Integrons are sometimes quite large and may have been missed under the PCR conditions used in our study. However, given the cross-sectional nature of our study and limited funding, this approach allowed for a potentially wider characterization of the resistance genotypes, specifically multiresistance genotypes. The primers and methods used in this study have been widely used elsewhere (9, 15, 16, 18, 20, 23) , and we feel confident that this approach was a good choice for baseline characterization of the genotypic characteristics of the study population.
To our knowledge, this is the first study to address baseline AMR characteristics (specifically genotypic traits) of E. coli within an integrated population of humans and swine derived from group cohorts of swine workers and nonswine workers. Our results agree with previously published results, further suggesting that within the class 1 integron there is a high prevalence of aadA gene cassettes within both human and swine isolates. Unlike in other studies, we found that (i) the overall prevalence of class 1 integrons and AMR gene cassettes was low, (ii) swine had a higher prevalence of class 1 integrons than human isolates, and (iii) human isolates were more likely than swine isolates to harbor an AMR gene cassette. Further studies are necessary to measure AMR and address the risk of transmission between animals and humans.
